The genus Lactobacillus consists of phenotypically heterogeneous, non-spore-forming, facultatively anaerobic, Gramstain-positive bacteria, comprising nearly 200 recognized species and subspecies [1] . Various Lactobacillus species are found in silage environments and play important roles in the fermentation process in well-fermented silage [2] [3] [4] [5] . During a study of lactic acid bacteria communities in total mixed ration (TMR) silage, which is prepared by ensiling both roughage and economical concentrate such as byproducts to minimize feed costs and labour and contains well-balanced levels of nutrients for cows [6] , and orchard grass (Dactylis glomerata L.) silage as roughage, we found three Lactobacillus-like strains which did not fit the description of any recognized species of the genus Lactobacillus. Here, we report the phenotypic, chemotaxonomic and genotypic characterization of the three isolates as two different novel Lactobacillus species.
TMR silage was prepared with orchard grass silage, corn silage, soybean curd residue, hay, compound feed (IwateSanroku brand; Zennoh Feed Mills of the Tohoku District, Miyagi, Japan) and mixed feed (Iwate-Sanroku Mix; Rakuno Aomori Agricultural Cooperative Association, Aomori, Japan), and stored in Hachimantai, Iwate, Japan (longitude 141 2¢ 6 †, latitude 39 54¢ 1 †) as described previously [7] . Orchard grass silage was prepared in the same place as described previously [8] . Strains IWT5
T and IWT25
T were isolated from the TMR silage on de Man, Rogosa and Sharpe (MRS; Difco) agar plates incubated for 3 days at 30 C in an ANX-1 TE-HER Hard Anaerobox (Hirasawa) with an O 2 -free atmosphere of N 2 /H 2 /CO 2 (80/ 10/10 %). Strain IWT140 was isolated from the orchard grass silage in the same way.
Chromosomal DNA was prepared as reported previously [9] . 16S rRNA gene sequence analysis of strains IWT5  T ,  IWT25 T and IWT140 was conducted according to a previous study [10] . Briefly, related taxa of the novel isolates were determined by searching the 16S rRNA gene sequences from the GenBank/EMBL/DDBJ databases and EzTaxon [11] , and sequences corresponding to related species were aligned using CLUSTAL_X [12] . An evolutionary distance matrix was calculated using Kimura's two-parameter model [13] , and a phylogenetic tree was reconstructed by using the neighbour-joining method [14] . Maximum-parsimony and maximum-likelihood trees were reconstructed using MEGA 5.0 [15] .
Phylogenetic analysis based on almost-complete 16S rRNA gene sequences revealed that the three isolates were located within the genus Lactobacillus. T and IWT140 are proposed as two distinct novel species of the genus Lactobacillus.
Because the three isolates showed high 16S rRNA and rpoA gene sequence similarities with the closely related relatives, a comparison based on the whole genome sequences was conducted to clarify their taxonomic positions. The whole genomes were sequenced for IWT5
T , IWT25 T and IWT140 by using the Illumina MiSeq system, and draft genomes were assembled using the Platanus assembler (version 1.2.2) [18] with default settings. The draft genomes of L. mixtipabuli IWT30
T and L. silagei IWT126 T were obtained in the same manner and used as references. Additional reference genomes were downloaded from the DFAST Archive of Genome Annotation (https://dfast.nig.ac.jp/) [19] . Average nucleotide identities (ANIs) between all genome pairs were calculated using the pyani script (https://github.com/widdowquinn/pyani) and the results are summarized in Table S1 . An ANI value of 95 % is widely accepted as a threshold to distinguish two species, which corresponds to a DNA relatedness of 70 % of DNA-DNA hybridization (DDH) [20, 21] . The ANI of IWT25 T and IWT140 was 97.3 %, confirming that they belong to the same species. The ANI values of IWT5 T , IWT25 T and IWT140 with different species ranged from 75.5 % to 82.0 %. Additionally, in silico DDH values calculated using the genome-to-genome distance calculator [22] were all less than 25 %, except for the pair between IWT25
T and IWT140 that showed the value of 74.3 % (Table S2 ). These data support that the three isolates can be discriminated from other recognized species. The newly obtained genome sequences were deposited in the DDBJ/ENA/GenBank databases under the accession numbers shown in Tables S1 and S2. Cell and colony morphology were observed in cells grown on MRS agar plates at 30 C under anaerobic conditions for 72 h. Gram staining was conducted using a Favor G Nissui kit (Nissui Pharmaceuticals). Motility, gas production from glucose, catalase activity, spore formation, production of dextran from sucrose, and the configuration and concentration of lactic acid isomers were determined following established procedures [23, 24] . API 50 CH (bioM erieux), API 20 Strip (bioM erieux) and API ZYM (bioM erieux) tests were performed in duplicate according to the manufacturer's instructions. Growth at 4, 10, 15, 25, 30, 37, 45 and 50 C, at pH 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 7.5 and 8.0, and with 4, 6.5, 8 and 10 % (w/v) NaCl was investigated for cultures in MRS broth incubated for 7 days by measuring the optimal density at 600 and the pH of cultures. The G+C content of genomic DNA was determined using high-performance liquid chromatography [25] . The cellular fatty acids derived from cells grown in MRS broth at 30 C for 5 days were analysed by using the Microbial Identification System (MIDI, TSBA6) [26] . The presence of diaminopimelic acid in the cell wall was analysed as described previously [27] .
A detailed description of the phenotypic and chemotaxonomic characteristics of strains IWT5
T , IWT25 T and IWT140 that could be useful for the differentiation of the closely related species within the genus Lactobacillus is summarized as described below. The phenotypic profiles of strains IWT5
T and IWT25 T were incompatible with those of the type strains of closely related species ( T , but not in the three neighbours. Because strain IWT25
T could strongly ferment only three pentoses in the API 50 CH kit (L-arabinose, D-ribose and Dxylose), the negative reactions for utilization of D-glucose, maltose and melibiose were useful phenotypic characteristics to differentiate strain IWT25
T from the others. Cellular fatty acid profiles revealed that strains IWT5 T , IWT25 T and IWT140 contain major fatty acids, C 16 : 0 and C 18 : 1 !9c, consistent with the analysis of representative close relatives (Table S3 ). There was no particular fatty acid that could provide a taxonomically useful maker for the differentiation of the three isolates within this group, but the high level of summed feature 7 was a unique indicator to differentiate them from the most closely related valid species such as L. mixtipabuli and L. silage (Tables 1 and S3 ).
Based on the results presented here, we conclude that strain IWT5
T represents a novel species of the genus Lactobacillus, for which we propose the name Lactobacillus silagincola sp. nov. In addition, strains IWT25 T and IWT140 are both members of a second novel species, for which the name Lactobacillus pentosiphilus sp. nov. is proposed.
DESCRIPTION OF LACTOBACILLUS SILAGINCOLA SP. NOV.
Lactobacillus silagincola (si.lag.in'co.la. N.L. neut. n. silagum silage; L. masc. n. incola, inhabitant; N.L. masc. n. silagincola inhabitant, dweller of silage).
Cells are Gram-stain-positive, non-motile, non-spore-forming, catalase-negative and rod-shaped (0.7Â1.3-3.0 µm). Colonies grown for 3 days on MRS agar plates at 30 C are 0.2-1.0 mm in diameter, glossy, white and circular. Cells are facultatively anaerobic and heterofermentative. Gas is produced from glucose. Both D-and L-lactic acid are produced as end products of glucose (D/L, 55 : 45). In the API 50 CH 
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